The major internal protein of the RD-114 virus that appeared in a human tumor cell line, RD, after passage through fetal cats was purified by isoelectric focusing and used to prepare antibody in guinea pigs.
addition, two other proteins found in cat virus preparations were not detected in the RD-114 virus. Antiserum to the RD-114 viral protein proved highly specific by complement fixation and gel diffusion assays, and, in addition to the above mentioned mammalian viruses, the antiserum did not react with concentrates of the Woolly monkey or Gibbon ape C-type viruses. These data support the conclusion that the RD-114 virus is a human virus activated by passage through fetal cats. Until additional isolates are made from human cells, the identity of the RD-114 virus as a human C-type tumor virus cannot be fully established; however, this would be highly probable if the species-specific group-specific antigen of could be demonstrated in human tumor and/or embryonic tissues.
Recently, AMcAllister et al. (1) isolated a C-type virus from a human tumer (rhabdomryosarcoma) cell line (RD) after passage through fetal cats. The virus (RD-114) was differentiated from feline C-type viruses (FeLV) on antigenic grounds (2) , based mainly on lack of FeLV-specific determinants associated with the major internal protein of all FeLV isolates (3) . These determinants are designated as group specific (gs)-1 based on the nomenclature of Gregoriades and Old (4) , first suggested for a purified component from mouse C-type viruses. Since a homologous protein based on molecular size, percent composition in the virion, and endgroup analysis (7) is found in all mammalian C-type viruses, we have retained the gs-1 designation to refer to speciesspecific determinants associated with this protein of the RD-114 virus. The virus does contain crossreactive determinants (2) , originally termed gs-3 (5), which are also located on the major internal protein (gs protein) of all mammalian C-type viruses studied to date (3, (6) (7) (8) . The gs-3 determinants have been found in all mammalian C-type viruses including two recently described primate viruses (9) (10) (11) (12) (2) , as in Fig. 1 virus with specific antisera to (upper set) viper (VSW), chicken (AMV), and mouse (MuLV); (lower set) cat (FeLV), hamster (HaLV), and rat (RaLV). In the center, the gs-3 reaction can be seen; two different antisera [rat antiserum to mouse sarcoma virus (MSV)] and goat antiserum to FeLV were used. Note that in both cases, only single joined lines are formed, while when tested against the homologous antigens, either multiple lines are seen (goat in Fig. 2 ) with distinct spurs or single lines with distinct spurs (6) . This indicates that the gs-3-containing sera contain, without exception in our experience, gs-1 antibodies as well. This is as expected if both gs-1 and gs-3 determinants are on the same molecule and if the gs-1 determinants are the stronger immunogens. B, buffer control, throughout. reaction of partial identity when compared to FeLV; this partial reaction is, however, "identical" with the precipitin reactions formed with the other heterologous C-type viruses. This partial reaction defines the gs-3 determinants, while the excessive reaction with the same physical component clearly indicates the existence of species-specific (gs-1) determinants on this component. In other studies (data not shown), the goat antiserum produced a single precipitin line with highly purified gs protein of FeLV that was continuous with the line produced against this antigen by either guinea pig antiserum to FeLV gs-1 antigen or rat antiserum to MuLV containing antibodies to gs-3 antigen, when either of these sera were placed adjacent to the goat serum. This is consistent with and supports previous conclusions that gs-1 and gs-3 determinants are present on the same molecule (3, 6, 7) .
Further quantitative evidence for the lack of FeLV gs-1 determinants in RD-114 was provided by radioimmunoprecipitation-inhibition tests (17 viruses. Positive evidence for this conclusion was provided by immunochemical characterization of the major internal antigen of the RD-114 virus. The virus was labeled with [3H]-aminoacids, disrupted by a method designed to give rapid solubilization of viral proteins (unpublished data), and subjected to isoelectric focusing. Fractions were tested for radioactivity and for gs-3 reactivity with two different antisera: rat antiserum prepared against mouse sarcoma virus (MSV) (6) and goat antiserum to FeLV. The significant feature of this separation (Fig. 3) , now repeated several times with concordant results, was the coincidence of a clear radioactive zone with a peak at pH 9.1 with gs-3 reactivity in gel diffusion by both test antisera. Only two fractions showed reactivity and these were pooled and used to immunize guinea pigs. Animals were inoculated 3-4 times at weekly intervals with interspersed trial bleedings. Results obtained with one serum, obtained in large volume after positive findings, will be described; however, preliminary tests with sera from several other inoculated animals show comparable results.
In gel diffusion assays (Fig. 4) , the antiserum to RD-114 proved highly specific for RD-1 14; it showed a single precipitin line continuous with the purified antigen used for immunization. No reactions were obtained with any of the other C-type viruses, including the Gibbon ape and Woolly monkey viruses. Preparations of these viruses did contain gs-3 reactivity, providing some assurance that sufficient viral mass was present to detect a crossreaction with the antiserum to RD-1 14 gs antigen. In complement-fixation tests, with 4 units of antiserum, this pattern of specificity was retained ( (18) , to which all the nucleic acids were also bound. Electrofocusing was performed at 300 V and 60 for 48 hr. Fractions of about 2 ml were collected and, after removal of urea by dialysis, aliquots were assayed for radioactivity (13, 14) in a Beckman LS-230 liquid scintillation system, and tested in immunodiffusion with MSV-I and a goat antiserum prepared against FeLV disrupted with Tween 80-ether. Both sera detected the shared mammalian C-type gs antigen (gs-3). Positive reactions were found only in fractions 35 and 36 (see inset), coinciding with a major radioactive peak at pH 9.1.
FIG. 4.
Gel-diffusion analyses of guinea pig antiserum to the major gs protein of (12) .
The purified protein from RD-1 14 was also analyzed by electrophoresis in SDS-polyacrylamide gels. Fig. 5 is a composite figure comparing electrophoretic patterns of MuLV, FeLV, and RD-114, and the major internal protein isolated from each virus by isoelectric focusing. As shown, the pattern of the disrupted viruses are quite complex when analyzed by staining methods. This contrasts with the relatively small number (about 5) of polypeptides detected by use of radioactive virus (3, 14) . When the radioactive zones were analyzed in acrylamide gels, multiple bands were resolved from the acidic region (pH about 4.5) of the electrofocus separation, while only a single band was generally obtained from peak fractions in the neutral or alkaline regions of the electrofocus separations of the various viruses. Despite the differences in isoelectric points (MuLV, 6.7; FeLV, 8.3; RD-114, 9.1), the proteins are of very similar molecular weight (MuLV, 31,000; FeLV, 25,000; RD-114, 33,500), and are obviously the major proteins by percent composition of the various viruses. When high concentrations of the purified RD-114 gs protein were analyzed, as in Fig. 5 , additional stained bands were seen in the higher molecular weight region of the gels. Whether these are aggregates or impurities is not clear; however, they were not present in all preparations.
DISCUSSION
The RD-1 14 virus possesses all the biophysical and biological attributes of known C-type viruses (2) , including the ability to rescue the (MSV) genome from nonproducer (MSV-induced) hamster tumor cells (Long C., Lee Y. K. & Gilden, R. V., unpublished). The presence of species-specific, as well as crossreactive, determinants on the major internal virion protein is another interesting feature of the viruses. This suggests a functional constraint on the gs-3 region of the molecule during its evolution in mammals from a hypothetical common ancestral C-type virus or gs gene (20, 21) , which we postulate must have existed at some time before the divergence of reptiles, birds, and mammals (22, 23) , i.e., at least 300 million years ago. The significant observation reported here is that the RD-114 virus represents a new species distinguishable from viruses of six other mammalian species. The detailed distinction from cat and other known C-type viruses by reciprocal antisera increases the probability that the virus is of human origin. This conclusion is further strengthened by the observations (12) that the RD-1 14 RNA-dependent DNA polymerase was not inhibited by antisera that inhibit enzymes from FeLV, murine (MuLV), hamster (HaLV), and rat (RaLV) leukemia viruses. In similar tests, the Woolly monkey and Gibbon ape virus polymerases were not inhibited by the antisera (12); thus, RD-114 apparently falls into a "primate group" of C-type viruses. The need for an antiserum to RD-114 polymerase for establishment of the reality of such a primate virus group, based on this property, is obvious. Availability of the specific antisera to the gs protein of RD-1 14 virus provides an opportunity to test for the presence of this protein in human materials.
